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Infection of cattle with the bovine leukemia virus (BLV) results in a strong permanent antibody response to the BLV antigens
some weeks after infection. However, cattle may carry provirus and not have detectable antibody titers. To prove the occurrence
of different BLV provirus variants in German cattle and to study the influence of special BLV variants on the immunoreaction,
a 444-bp fragment of the env gene of 35 naturally BLV infected animals was analyzed. Seven different groups of BLV provirus
variants were found on the basis of restriction fragment length polymorphism. Three BLV provirus variant groups and five
additionally sequenced BLV isolates showed a high similarity to BLV provirus isolates from other geographical areas. The
variation in nucleotide sequence of the five BLV isolates compared with nine previously sequenced BLV isolates ranged up
to 5.3%. While BLV provirus variant groups A, C, D, E, F, and G were clearly related to agar-gel immunodiffusion test (AGID)-
and enzyme-linked immunosorbent assay (ELISA)-positive animals, BLV provirus variant group B was solely found in permanent
AGID- and ELISA-negative or in transient ELISA-positive animals. Altogether, these results indicate that special BLV provirus
variants may be responsible for atypical forms of BLV infection in cattle. q 1997 Academic Press
INTRODUCTION Desrosiers, 1991; Johnson and Hirsch, 1992). In one
study a variability below 6% at the nucleotide level of the
The bovine leukemia virus (BLV) is the causative agent BLV env gene was observed between various isolates
of enzootic bovine leukosis (EBL) (Kettmann et al., 1976) from Europe, Japan, and America (Mamoun et al., 1990).
and, together with human T-cell lymphotropic virus types Molteni et al. (1996) found 3–4% divergence of an Italian
I and II (HTLV-I and HTLV-II) and simian T-cell lympho- isolate in pol and env gene sequences when compared
tropic virus (STLV), it belongs in the HTLV/BLV subgroup with three other BLV isolates. Comparison of most of the
of the family Retroviridae (Coffin, 1991). BLV generally genome of a single Australian isolate with those of a
infects the mononuclear B cells in the peripheral blood Japanese isolate and a Belgian isolate showed approxi-
(Mirsky et al., 1996), but the majority of BLV-infected ani- mately 3% variability distributed evenly over the entire
mals remain clinically healthy. About one-third of infected genome (Coulston et al., 1990).
cattle develop persistent B-cell lymphocytosis and 0.1 to One explanation for the low genetic diversity of BLV in
10% develop lymphoid tumors (Ghysdael et al., 1984). vivo could be the relatively low mutation rate of BLV. The
The genetic variation of the HTLV/BLV genus appears in vivo mutation rate of the env gene and the long terminal
to be minimal (Ina and Gojobori, 1990; Mamoun et al., repeat (LTR) was determined with 0.009 and 0.034% nucle-
1990; Gessain et al., 1991; Bastian et al., 1993; Eiraku et otide changes per year, respectively (Willems et al., 1993b).
al., 1996; Lin et al., 1996; Molteni et al., 1996; Salemi et BLV reverse transcription is approximately 2.5 times less
al., 1996) as compared with that of the other groups of error prone than that of spleen necrosis virus (4.8 1 1006
retroviruses, including Rous sarcoma virus and lentivi- versus 1.2 1 1005 mutations per base pair per cycle, re-
ruses (Darlix and Spahr, 1983; Coffin, 1986; Burns and spectively) (Mansky and Temin, 1994).
Based on restriction enzyme analysis and nucleotide
and amino acid (aa) sequence comparisons, it was dem-1 To whom reprint requests should be addressed at present address:
onstrated that different BLV variants are found in differentInstitute of Pathological and Clinical Biochemistry, Charite´ Hospital,
geographical regions (Kettmann et al., 1981; Portetelle etHumboldt University of Berlin, Luisenstrasse 65-67, Berlin D-10117,
Germany. al., 1989; Mamoun et al., 1990; Coulston et al., 1990;
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Molteni et al., 1996). Seven BLV variants from Japan, lates from a Belgian (BLV-Belg.) (Rice et al., 1984, 1985)
and a Japanese (BLV-Jap.) (Sagata et al., 1985) BLV-in-America, and Europe were classified into two subgroups.
One, probably the older, includes BLV variants from Eu- duced tumor case in cattle cloned into plasmids. Geno-
mic DNA from a BLV Ab and BLV provirus-negative cowrope, and the other contains BLV variants from North
America and Japan (Mamoun et al., 1990). was used as a negative control for the polymerase chain
reaction (PCR).While the genetic variability of BLV in naturally infected
cattle is well characterized, there are few studies on the
possible role of different BLV variants and their infectious Animals
potential and influence on the progression of the EBL
(Willems et al., 1993a, 1995). Apart from the typical form All 35 investigated animals were black and white fe-
male cattle and BLV provirus positive by PCR. Apart fromof BLV infection, which is characterized by a strong per-
manent antibody (Ab) response (Mammerickx et al., animals 29–31 (from the western part of Germany) all
cattle originated from the eastern part of Germany. The1985), there are several reported cases of BLV provirus-
positive but serology-negative cattle (Cockerell and Rov- animals originated from herds with different prevalences
and histories of BLV infection (Table 1).nak, 1988; Coulston et al., 1991; Jacobs et al., 1992; Eaves
et al., 1994; Fechner et al., 1996). While most of these In herds 3 and 5 all cattle were BLV free as tested
by agar-gel immunodiffusion test (AGID) since 1986 andcases may reflect the early stage of infection, when BLV
is spreading among the target cells prior to expression 1982, respectively. The last tumor case in a BLV-infected
animal in herd 3 occurred in 1985, whereas no informa-of viral antigen, sufficient to induce a detectable antiviral
immune response (Cockerell and Rovnak, 1988), some tion was avalaible about tumor incidence or incidence
of persistent lymphocytosis (PL) in herds 1, 2, 4, 5, andof them may reflect an atypical form of infection with
delayed and decreased immunoreaction. Eaves et al. 7–10. All cattle from herd 6 had developed PL.
(1994) demonstrated that cattle may be persistently in-
fected with BLV without developing a detectable Ab titer Blood collection
against BLV antigens.
The purpose of the present study was to investigate Blood samples were collected for DNA preparation
either with sodium citrate (4% final concentration; fromif there are different BLV provirus variants in BLV-infected
cattle in Germany. Based on these results a comparison animals 1–12 and 29–35) or with sodium heparin (5 U/
ml; from animals 13–28) and stored at 0207.of these variants and the serological status of the in-
fected cattle, with special focus on the serology-negative
cattle, should help to detect a possible relationship be- Indirect detection of BLV infection by serological
tween different BLV provirus variants and the immunore- methods
activity of the host.
We chose a part of the env gene (444 bp) of the BLV Blood samples for serological tests were obtained to-
gether with the blood used for DNA preparation exceptfor our study for the following reasons: Analysis of the
previously sequenced BLV isolates (Rice et al., 1984; Sa- for herd 3 (see Table 1). AGID tests were performed
using Riemser Rinderleukose Testbesteck (RTAM, Ros-gata et al., 1985; Coulston et al., 1990; Mamoun et al.,
1990) demonstrated that BamHI, BclI, HaeIII, BglI, and tock, Germany) following the instructions of the supplier.
Enzyme-linked immunosorbent assay (ELISA) tests werePvuII restiction sites in this BLV fragment are good mark-
ers to differentiate BLV variants. Futhermore, analysis of performed either by using the CHEKIT-Leucotest kit
(Bommeli AG, Bern, Switzerland) according to the recom-aa composition of the gp51 showed some highly con-
served regions in different BLV variants (Portetelle et al., mendations of the manufacturer or by capture ELISA us-
ing monoclonal antibodies gp51/22 against epitope B of1989; Coulston et al., 1990; Mamoun et al., 1990) that
may be essential for the interaction of the virus with the the BLV gp51, kindly provided by Dr. C. Platzer (Faculty
of Medicine, University of Jena, Germany) and Dr. H.target cells. Accordingly, minor changes in aa composi-
tion could have dramatic consequences for virus infectiv- Siakkou [Institute of Virology, Faculty of Medicine (Char-
ite´), Humboldt University, Berlin, Germany]. Captureity, spread of BLV among the target cells, and progres-
sion of infection. The primer pairs used by us amplify a ELISA was performed as described previously (Siakkou
et al., 1990).large part of these regions of the env gene.
MATERIALS AND METHODS DNA preparation
BLV provirus control samples
Bovine DNA was obtained directly from frozen whole
blood using different methods described previouslyPositive controls for restriction fragment length poly-
morphism (RFLP) analysis were two BLV provirus iso- (Fechner et al., 1996).
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TABLE 1
Investigated Cattle, Age, and BLV Status of Herds
Herd Animal Year of blood
No. No. Age BLV status collection
1 1–7 15 months 5% BLV incidence 1992
2 8–12 12–18 months 5% BLV incidence 1992
3 13–20 Adult All cattle BLV free, tested by AGID since 1986a 1988–1996
4 21–24 Adult 5% BLV incidence 1993
5 25–28 Adult All cattle BLV free, tested by AGID since 1982 1993
6 29–31 Adult Herd for research of BLV infectionb 1992
7 32 Calf from a BLV-infected cow Unknown 1992
8 33 Adult 5% BLV incidence 1992
9 34 Adult 5% BLV incidence 1992
10 35 Adult Herd BLV free since 1992, tested by AGID; 1993
cow 35 was suddenly AGID positive (11/93)
a Animals 13–20 came from a dairy herd with 210 head. Cows 14 (12/88–4/93), 17 (7/88–4/90), 18 (7/88–4/90), and 20 (7/88–4/90) were also
ELISA negative during this time, whereas animals 13 (12/89–4/93), 16 (12/89–4/90), 19 (7/88–4/90) showed a transient BLV antibody titer in 12/89,
but later and previous ELISA tests were negative for BLV antibodies. Animal 15 was negative in the ELISA on 4/90 and 12/96, whereas positive
ELISA results were obtained in 12/89, 12/91, and 4/93. Cow 13 was BLV provirus positive at least from 2/90 to 4/93; cows 14 and 15 from 5/89 to
4/93; cow 16 on 2/90; cow 17 from 5/89 to 12/91; cows 18, 19, 20 from 5/89 to 2/90.
b Cow 29 was 4 years old, cow 30 was 17 years old, and cow 31 was 16 years old.
PCR amplification digestion products, they were separated on 1.5 or 2%
agarose gels containing ethidium bromide. The sizes of
Primers were designed on the basis of published se-
the resulting bands were compared with the 1-kb DNA
quence data (Sagata et al., 1985). Forward primers were
ladder (Gibco BRL, Eggenstein, Germany) and deter-
env5032 (5*-TCTGTGCCAAGTCTCCCAGATA-3*), mined by using the computer system Image P2 (H&K,
env5099 (5*-CCCACAAGGGCGGCGCCGGTTT-3*). Berlin, Germany).
Reverse primers were
DNA sequencingenv5521r (5*-GCGAGGCCGGGTCCAGAGCTGG-3*),
env5608r (5*-AACAACAACCTCTGGGAAGGGT-3*).
PCR fragments were separated from primers and nu-
Primers env5099 and env5521r were identical to those used cleotides using QIAquick columns (Qiagen, Hilden, Ger-
previously for BLV provirus detection by PCR (Naif et al., many). Purified PCR fragments were sequenced with
1990, 1992; Brandon et al., 1991). All primers used in Thermo Sequenase (Amersham, Braunschweig, Ger-
this study were ordered from MWG Biotech (Ebersberg, many) using biotin-labeled dideoxynucleotides and a bio-
Germany). The PCR amplification protocol was described tin cycle sequencing kit (GATC GmbH, Konstanz, Ger-
previously (Fechner et al., 1996). Briefly, a nested PCR many). Separation of single-stranded end-labeled frag-
was carried out as follows. For the first round, primers ments was performed on a 4% acrylamide urea gel using
env5032/env5608r (resulting in amplification of a 598-bp frag- a direct blotting sequencing apparatus (MWG-Biotech,
ment) were used. Subsequently, 1 ml of the sample was Ebersberg, Germany) (Beck and Pohl, 1984). Sequencing
directly transferred into a new tube containing fresh PCR membranes were developed by incubation with alkaline
mix for the second step, which was performed with the phosphatase-coupled streptavidin (GATC GmbH, Kons-
primer pair env5099/env5521r (resulting in the amplification tanz, Germany) and nitroblue tetrazolium salt/5-bromo-4-
of a 444-bp fragment). PCR was performed in the DNA chloro-3-indolyl phosphate toluidine salt (Bio-Rad, Mu-
Thermal Cycler 480 (Perkin–Elmer Cetus, Inc., Weiters- nich, Germany). Both strands of PCR fragments were
tadt, Germany). sequenced using the original PCR primers at a concen-
tration of 30 pmol per reaction. Additionally, the se-
Restriction fragment length polymorphism quences of the purified PCR products of BLV provirus
isolates BLV-D15 and BLV-D18 were determined usingTwenty microliters of PCR product amplified with the
the Fluorescent Dye Deoxy-Terminator Cycle Sequenc-primer pair env5099/env5521r were directly digested using
ing kit (Perkin-Elmer Cetus) and analyzed with an ABI5 U of BamHI, BglI, DraI, HaeIII, HindIII, HpaII, PvuII, StuI,
Prism 377 DNA sequencer (Applied Biosystems, Weiters-TaqI (Boehringer-Mannheim, Mannheim, Germany) or
BclI (Gibco BRL, Eggenstein, Germany). To visualize the tadt, Germany).
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TABLE 2
Restriction Enzyme Cleavage Products of the 444-bp Fragments Generated from Genomic DNA of BLV-Infected Cattle
in the PCR with Primer Pair env5099/env5521ra
Fragment (bp) generated by single digestion
Animal No. BamHI BclI BglI HaeIII PvuII
BLV-Belg., 4, 5, 8, 9, 11, 21, 29 444 225, 220 330, 115 200, 100, 85 280, 165
7 444 225, 220 n.d. 200, 100, 85 280, 165
1, 12 444 225, 220 330, 115 n.d. 280, 165
35 444 225, 220 n.d. n.d. 280, 165
33 444 225, 220 n.d. 200, 100, 85 280, 165
BLV-Jap., 13, 14a, 14b, 15b, 24, 25 315, 130 220, 120, 105 330, 115 285, 95 444
15a, 14c, 19, 26, 27, 28 315, 130 220, 120, 105 n.d. 285, 95 444
16, 20 315, 130 220, 120, 105 330, 115 n.d. 444
17, 18 315, 130 220, 120, 105 n.d. 285, 95 n.d.
2, 31 315, 130 225, 220 330, 115 n.d. 444
30 315, 130 225, 220 n.d. 200, 100, 85 444
32, 34 315, 130 225, 220 330, 115 200, 100, 85 280, 165
3, 6 444 225, 220 330, 115 200, 100, 85 444
10 n.d. 225, 220 330, 115 220, 100, 85 n.d.
22, 23 315, 130 225, 220 444 315, 95 444
a Time of blood collection: 14a, 2/90; 14b, 12/91; 14c, 4/93; 15a, 2/90; 15b, 12/96. n.d., not done.
Accession numbers and BLV-Belg. PvuII did not cleave the fragment of 18
animals and BLV-Jap.
New sequences were deposited under GeneBank
RFLP analysis with the other enzymes yielded the same
Nos. U87872 (variant BLV-D3), U87871 (variant BLV-D21),
restriction pattern for all investigated animals. StuI did not
AF007764 (variant BLV-D15), AF007763 (variant BLV-
cleave the fragment for animals 4, 5, 8, 9, 11, 13, 14a, 14b,
D18), and U87873 (variant BLV-D23).
21, 22, and 23. HpaII digestion produced a single 415-bp
band for animals 1–5, 13, 14b, 16, 20, 31, and 34 and
RESULTS
BLV-Belg. and BLV-Jap. DraI cleaved the 444-bp fragment
once, resulting in fragments of 330 and 115 bp for animalsRFLP analysis of the 444-bp PCR fragment from the
env gene of the BLV provirus was performed using 10 1–5, 12, 13, 14a, 14b, 15a, 16–20, 25, 29–31, 33, 34, and
35 and the controls BLV-Belg. and BLV-Jap. Two fragmentsdifferent restriction endonucleases. Table 2 shows the
results of digestion with five endonucleases which gave (360 and 85 bp) were obtained after digestion of the PCR
fragments with TaqI for animals 3–5, 13, 14a, 14b, 16, 20,different restriction patterns for the PCR fragments from
the 35 animals investigated. BamHI cleaved the 444-bp 31, and 34 and BLV-Belg. and BLV-Jap. HindIII did not
cleave the 444-bp fragment of animals 3–5, 13, 14a, 14b,fragment in 20 animals as in BLV-Jap., resulting in frag-
ments of 315 and 130 bp. The same enzyme did not and 34 and BLV-Belg. and BLV-Jap.
Based on the restriction enzyme digestion patterns ofcleave the fragments in 14 animals and BLV-Belg. BclI
digestion resulted in a double band with a size between the BLV provirus PCR fragments, BLV provirus variants
were divided into seven groups containing from 1 to 13220 and 225 bp in 22 animals and BLV-Belg. and in three
bands of 220, 120, and 105 bp in 13 animals and BLV-Jap. animals (Table 3). In herds 1 and 4, three different BLV
provirus variant groups (A, C, D and A, B, G, respectively)BglI had a single restriction site in the 444-bp fragment
of 23 animals, BLV-Belg., and BLV-Jap., generating two were found. Two BLV provirus variant groups were found
in herds 2 (A and E) and 6 (A and C). In herds 3 (variantfragments of 330 and 115 bp. For two animals no cleav-
age of the PCR fragment was observed with BglI. HaeIII B), 5 (variant B), 7 (variant F), 8 (variant A), 9 (variant F),
and 10 (variant A) only one BLV provirus variant groupdigestion resulted in four different restriction patterns. In
14 animals and BLV-Belg., three bands were detectable was found among the tested cattle.
BLV provirus fragments amplified from animals 14 andwith sizes of 200, 100, and 85 bp. Digestion of the PCR
fragment of animal 10 produced three bands of 220, 100, 15 yielded identical restriction enzyme patterns in three
(2/90, 12/91, and 4/93) and two (2/90 and 12/96) differentand 85 bp. Two bands of 315 and 95 bp were generated
for two animals. In addition, two bands of 285 and 95 bp investigations, respectively.
Comparison of BLV provirus variants with the serologi-were generated in 11 animals and BLV-Jap. PvuII diges-
tion yielded two bands of 280 and 165 bp for 14 animals cal status of the tested cattle showed that, with the ex-
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TABLE 3 al., 1990), BLV-Italy (Molteni et al., 1996), BLV-D15, BLV-
D18, and BLV-D23—when compared with both BLV-D3Relation between Serological Status and BLV Provirus Variant
and BLV-D21, showed nucleotide variations between 2.8Found in Naturally Infected Cattle
and 4.1% (BLV-D21) and between 3.2 and 5.3% (BLV-D3),
Serological status respectively. BLV-D23 was most similar to the BLV isolates
BLV provirus Animal Herd BLV-Austr., BLV-Jap., VdM, and FLK-BLV. Nucleotide se-
variant group No. No. AGID ELISA
quence variation ranged from 1.2 to 1.8%. Compared with
the other five previously sequenced isolates, the nucleo-A 1, 4, 5, 7 1 Positive Positive
8, 9, 11, 12 2 Positive Positive tide sequence of BLV-D23 had a variation of 3.6 to 4.2%.
21 4 Positive Positive BLV-D15 and BLV-D18 were clearly related to BLV-Jap.,
29 6 Positive Positive BLV-Austr., VdM, and FLK-BLV with nucleotide sequence
35 8 Positive n.d.
variation up to 1.0%. Compared with BLV-Jap., BLV-D1533 10 Negativea Doubtfula
showed only one nucleotide substitution at position 5183B 13, 15, 16, 19 3 Negative Transient positive
14, 17, 18, 20 3 Negative Negative (G r C), whereas BLV-D18 completely aggreed with BLV-
24 4 Negative Negative Jap. Variation of the other five previously sequenced iso-
25–28 5 Negative Negative lates ranged between 2.5 and 3.0% (BLV-D15) and be-
C 2 1 Positive Positive
tween 2.5 and 3.4% (BLV-D18).30, 31 6 Positive Positive
The nucleotide sequence changes in BLV-D3, BLV-D 3, 6 1 Positive Positive
E 10 2 Positive Positive D21, and BLV-D23 yielded aa changes in the gpr72 glyco-
F 32 7 Positive Positive protein precursor not found in other previously character-
34 9 Positive Positive ized isolates. The following aa changes were determined
G 22, 23 4 Positive Positive
for BLV-D3, at position 123 (Asp r Glu); BLV-D21, at
position 183 (Asp r Ala); and BLV-D23, at positions 133a Results based on the investigation of blood collected in May 1992,
whereas amplification and digestion of the PCR fragments were per- (Ala r Thr), 199 (Ala r Val), and 221 (Pro r Ser).
formed using blood collected in July 1992.
DISCUSSION
ception of animal 33, which was negative by AGID and The present study had two purposes: (i) to determine
doubtful by ELISA, all animals infected with BLV provirus whether there are different BLV provirus variants in the
variants belonging to groups A, C, D, E, F, and G were cattle population of Germany, and (ii) to evaluate whether
positive by AGID and ELISA. All 13 animals of group B there is a relationship between the serological status
were found negative by AGID and 9 of them also by and BLV provirus variant(s) found in infected cattle.
ELISA. The remaining 4 animals from this group were Seven different groups of BLV provirus variants were
transiently positive by ELISA (Tables 1, 3). found by RFLP analysis in a total of 35 naturally BLV
To compare further BLV provirus isolates from German infected cattle. Three of these groups showed complete
cattle and other previously characterized BLV variants, a agreement in restriction enzyme patterns when com-
part of the env gene from the animals 3 (BLV-D3, group pared with previously characterized BLV isolates. Iso-
D), 15b (see Table 2) and 18 (BLV-D15 and BLV-D18, both lates belonging to group A and a BLV provirus isolate
from group B), 21 (BLV-D21, group A), and 23 (BLV-D23, from Belgium (Rice et al., 1984) and isolates belonging
group G), infected with different BLV provirus variants, to group B and a Japanese BLV provirus isolate (Sagata
was sequenced (Fig. 1). For every variant, the nucleotide et al., 1985) yielded identical bands after cleavage of the
sequence completely confirmed the results of the restric- 444-bp env gene fragment. The isolates belonging to
tion endonuclease analysis. BglI- and HaeIII-produced re- BLV provirus variant group C gave a restriction enzyme
striction enzyme patterns of BLV provirus fragments of pattern similar to that deduced from the DNA sequence
animal 23 were different from those of all other provirus of an Australian BLV provirus isolate (Coulston et al.,
variants (Table 2). The missing BglI site in the 444-bp 1990). Variants D–G showed some differences from
fragment results from a nucleotide transition (G r A) at these three well-known BLV provirus isolates, but dif-
nucleotide position 5217. One of the missing HaeIII sites fered at least in some missing restriction enzyme sites.
results from a nucleotide transition (C r T) at nucleotide The results demonstrate that several BLV provirus vari-
position 5416. Compared with the other BLV provirus vari- ants are present in the cattle of German herds (Table 2).
ants, BLV-D3 and BLV-D21 were highly similar to BLV- Analogous to investigations of the env gene of HTLV I
Belg., LB59, and LB285 (Mamoun et al., 1990) and showed and HTLV II (Bastian et al., 1993; Nerurkar et al., 1993;
nucleotide variations of 1.4 to 2.2% (BLV-D3) and 0.4 to Eiraku et al., 1996; Lin et al., 1996; Salemi et al., 1996),
1.4% (BLV-D21). The other isolates—BLV-Jap., BLV-Austr. our results indicate that different BLV provirus variants
can be found in different geographical areas and a low(Coulston et al., 1990), FLK-BLV, VdM, 3010 (Mamoun et
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FIG. 1. Comparison of the env gene sequence of the BLV isolates BLV-D3 (animal 3), BLV-D15 (animal 15b), BLV-D18 (animal 18), BLV-D21
(animal 21), and BLV-D23 (animal 23) with nine different previously sequenced BLV variants. J  BLV-Jap. (Sagata et al., 1985); A  BLV-Austr.
(Coulston et al., 1990); B  BLV-Belg. (Rice et al., 1984); I  BLV-Italy (Molteni et al., 1996), LB59, LB285, and 3010 (Mamoun et al., 1990).—,
Nucleotide identity; l, not determined. Cleavage sites of the restriction enzymes used in the analysis of the 444-bp PCR fragment are underlined,
5* and 3* terminals of the 444-bp PCR fragment are marked by arrows. Nucleotides printed in italics lead to amino acid changes.
nucleotide variation between different variants exists. German cattle related to variants from North America,
Japan, and Australia may result from export of EuropeanBLV provirus variants found in German cattle appear to
cattle all over the world in the last centuries, but also frombe similar to isolates classified in the Japanese-American
reimport of BLV-infected cattle into Europe. However, theand European BLV subgroup by Mamoun et al. (1990).
extent of nucleotide variation of the env gene from BLV-Most BLV variants can already be classified into one of
D3, BLV-D15, BLV-D18, BLV-D21, and BLV-D23 comparedthe determined subgroups with high efficiency after RFLP
with every other isolate was rather low (up to 5.3%).analysis using a combination of BamHI and PvuII. For
example, all animals from BLV provirus variant group A BLV provirus variant group A contains the most BLV-
have a restriction site for PvuII but not for BamHI, which infected serology-positive animals (Table 3). This sug-
corresponds with isolates of the European subgroup. gests that group A may have a wide spread among typi-
Conversely, in BLV provirus variant groups B, C, and G, cal BLV-infected cattle in Europe, because it is related
the animals have a BamHI site but no PvuII site, like all to three isolates (BLV-Belg., LB 59, and LB 285) from
isolates from the Japanese-American subgroup. On the other European regions.
other hand, based on these restriction enzymes, BLV According to Peirone et al. (1990), only one BLV provi-
provirus variants groups D, E, and F cannot be classified rus variant group was found in two herds. However,
easily. The analysis of the nucleotide sequence of five based on RFLP, in four herds, we could describe more
BLV provirus variants (BLV-D3, BLV-D15, BLV-D18, BLV- than one; e.g., in herds 1 and 4, three groups of BLV
D21, BLV-D23) additionally confirmed these results. provirus variants were detected. In herd 2 an unambigu-
While BLV-D3 and BLV-D21 were clearly similar to BLV ous dominance of one BLV provirus variant group was
isolates from Europe, BLV-D15, BLV-D18, and BLV-D23 noted. These results indicate that the spread of BLV vari-
were similar to isolates from North America, Japan, and ants among animals of one herd may be different. On
the other hand, different BLV provirus variants in oneAustralia. The identification of BLV provirus variants from
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account for the virus-induced atypical course of infection.
On the other hand, only a part of the genome was investi-
gated, located mainly downstream of the region im-
portant for the formation of the Ab-inducing epitopes F,
G, and H (Bruck et al., 1984; Portetelle et al., 1989). The
AGID and ELISA tests performed in this study use FLK-
BLV antigen and present the epitopes F, G, and H of
gp51. A transiently detectable Ab titer in some cattle
infected with BLV provirus variant group B (Tables 1, 3)
suggests that the BLV variant in this cattle is able to
induce Abs against BLV antigens and shows that this
BLV variant may not be completely silent.
We have not examined whether the BLV provirus load-
ing changed in transiently serologically positive cattle,
but Miyata et al. (1995) showed that in HTLV I-infected
persons, Ab production depends on the virus load. The
reason for different virus load is not known.
It has already been demonstrated by others that small
nucleotide changes can lead to dramatic consequences
for the biological properties of BLV variants and influence
BLV antigenicity. Portetelle et al. (1989) and Mamoun et
al. (1990) found BLV variants that lack one or two of the
gp51 epitopes F, G, and H, while there is no evidence
for the existence of mutants lacking all three epitopes
simultaneously. Blankenstein et al. (1996) suggested that
a nucleotide deletion in the prt frame of the Japanese
FIG. 1—Continued BLV isolate (Sagata et al., 1985) may be the reason for
the inability of this BLV variant to express gag and env
proteins. Willems et al. (1992) have shown that mutations
herd may result from travel of BLV-infected cattle from in the BLV tax protein can abrogate the long terminal
other herds containing different BLV provirus variants. repeat-directed transactivating activity.
While all cattle infected with the BLV provirus variant The results of this study could have important conse-
groups A (except one, which may result from a fresh quences for the diagnosis of BLV infections in cattle. It is
infection), C, D, E, F, and G yielded serology-positive not sufficient to detect BLV-infected cattle by serological
results by both AGID and ELISA, all cattle infected with tests only. Therefore, direct methods such as PCR should
BLV provirus variant group B were negative by AGID and provide additional information about infected animals.
9 of 13 were also negative by ELISA for Abs against On the other hand, nucleotide sequence variations can
gp51 (Table 3). All cattle from herd 3 were additionally lead to primer mismatches and, consequently, to a de-
investigated for p24 Abs using a p24 capture ELISA. Only crease in the sensitivity of PCR, as postulated previously
animal 19 showed a detectable Ab titer in December (Marsolais et al., 1994). With the primer pairs used in
1989 (results not shown). Apart from one animal, all cattle this study it is possible to select different BLV provirus
infected with BLV provirus variant group B originated variants and to increase sensitivity in diagnosis of BLV
from two herds, BLV free, as tested by AGID over 7 and infection as shown previously (Naif et al., 1990; Brandon
10 years, respectively. Some cattle from herd 3, which et al., 1991; Fechner et al., 1996).
were investigated in a long-term study, contained the In summary, our results demonstrate that a high vari-
BLV provirus over months and years. For example, animal ability of BLV provirus variants can be found in cattle
14 was negative in AGID and ELISA tests over 4 years, from German herds and also strengthen the hypothesis
but was permanently BLV provirus positive (Table 1). Fi- that there are special BLV variants that escaped antibody
nally, it seems that this atypical course of BLV infection, detection, but were detected by PCR. Further investiga-
characterized by decreased immunoreactivity, was in- tion, especially sequence analysis, transmission, and ex-
duced by one or more special BLV variants. pression studies, is necessary to understand the struc-
Our investigations do not solve the discrepancy be- tural bases of this kind of BLV infection. Since in HTLV-
tween positive PCR analysis and negative serological I-infected humans, provirus carriers can be found without
tests. Sequence analysis of BLV-D15 and BLV-D18 did detectable Abs against HTLV I antigens (Miyata et al.,
1995), it should be interesting to investigate whethernot show deletions, insertions, or aa changes that may
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